S CU •[ Y CLASSIFICATION OF THIS PAGEi(bMan ".Ea Kn,,md) ripheral lymphocytes. The increased level of SCEs in the lung cells did not persist, but declined in parallel with the clearance of MtA from the lungs over "a period of about 6-8 weeks, In vitro exposure of lung cells from untreated rat! "to PCA resulted in an increase in the SCE frequeRcy in the cells. As little as "1 g MCA/ml in the culture medium was effective. )The conclusions were that SCE ".P.
incidence in peripheral lymphocytes could not be used to predict a carcinogenic hit in the lung as the result of MCA treatment, and that elevation of SCE fre-"quency in lung cells was dependent on the presence of WEA immediately prior to performing the assay. No evidence was found for the persistence of lung cell DNA damage which coýld lead to an increase in SCE frequency. Carcinonen alizing enzymes in the lung and liver were assayed in vitro using microsomal preparations from these tissues and 3 H-benzo(a)pyrene ( 3 H-BaP) as substrate. Intratracheal treatment with MCA induced enzyme activity in both lung and liver. The level of the increased activity in the lung paralleled the "clearance of MCA from the lung, suggesting that continued presence of MCA was * required for enzyme induction. Induced enzyme levels in the liver declined more rapidly than in the lung, and had returned to control levels at times when lung enzymes were still well above controls. This result suggests that xenobiotics reaching the lung via the respiratory tract may induce enzymatic activity there, and undergo substantial metabolism before entering the systemic circulation.
%:
Preliminary studies with isolated type II alveolar cells, macrophages, and a %I preparation enriched in bronchiolar epithelial cells indicated that enzyme activity could be induced in both type II cells and epithelial cells by in vivo treatment with a known inducer of the mixed function oxidases, beta-naphthoflavone.
Reports that naphthalene (N) was specifically toxic to nonciliated bronchiolar cells in the mouse lung served as the basis for a comparative study of the q cytotoxic effects of nitronaphthalenes. l-Nitronaphthalene (l-NN) was about twice as toxic as N in the mouse lung, but 2-NN was much less toxic. Of most interest was the observation that 2-NN induced mixed function oxidase activity specifically in the lung, while the other compounds had no such effect, either in the lung or liver. This lung-specific enzyme induction by 2-NN is unusual, since most xenobiotics induce activity primarily in the liver, and secondarily in other organs. That 2-NN was metabolized in the liver was indicated by the fa t that periportal necrosis was seen at a dose (2 mmoles/kg bw ip) that in ced enzyme activity in the lung. e• -Preliminary results of stidies in which rats were treated with MA and/or asbestos indicated that cytotoxic effects in the lung were different for the 2 materials. MCA tended to produce lesioiL3 at the terminal bronchioles and asbestos caused focal areas of fibrosis. Experiments in progress will indicate whether a cocarcinogenic action of the materials may occur in the rat lung ttumor model During this report period, studies have continued with an animal model tumor system in which lung carcinomas are induced in the -at by intratracheal inoculation with a polycyclic hydrocarbon carcinogen, 3-methylcholanthrene. Factors studied have included cytogenetic effects in lung cells, enzyme induction in lung and liver, and dose-response relationships between carcinogen and the appearance of malignancy.
The goal of the studies is to define some of the biologic alterations that occur during tumorigenesis in order to provide information on which changes are specifically associated "with tumor initiation and growth. With this information, the biologic effects of test materials may be more readily evaluated with respect to their carcinogenic potential. 
ENrRODUCTION

Statement of the Poblem
The process of carcinogenesis requires several steps which, at least conceptually, can be •onsidered separately. The first is the initiation event, which is likely a discrete chemical or physical change at the molecular level involving possibly the genetic material, DNA, or other regulatory biomolecules. Secondly, the cell in which initiation occurs must replicate and express the cancerous phenotype. The growth of a tumor often elicits an immune response as the body attempts to eliminate the "foreign" cells.
In this project the experimental studies have focussed on events surrounding the early stages in carcinogenesis, and the cellular changes that occur in the lung up tc the time of tumor appearance. The aim of the studies is to define which of the several observed effects of carcinogen exposure are peculiar to the process of carcinogenesis. This knowledge may aid in the interpretation of effect of materials whose carcinogenic potential is not known.
SPECIFIC AIMS
Using a rat lung tumor model in which squamous cell carcinomas (SCCs) are induced by intratracheal inoculation with a potent carcinogen (3-methylcholanthrene, MCA) the following carcinogenesis-related processes have been studied:
1. The enzymatic activity in the lung and liver which is active in conversion of polynuclear hydrocarbon carcinogens to their carcinogenic forms; In order to gain additional information on the role of various lung cells in metabolism of carcinogens, studies have been initiated In the mouse to examine the effect of naphthalene and selected derivatives on carcinogen metabolism. The aims of these studies are: :
1. To determine the cytotoyic effects of naphthalene (N), 1-nitronaphthalene (1-NN), and 2-nitronaphthalene (2-NN) in the mowse lung; and 2. To measure the levels of carcinogen metabolizing enzymes in lung and liver of treated Z...
mice.
.,
MATERIALS AND METHODS
Lung Tumor Induction In the Rat
Squamous cell carcinomas were induced in male Fischer 344 rats (Charles River Labs) by the intratracheal administration of a suspension of MCA crystals in gel-saline (0.2% gelatin in
0.9% NaCl) following the method described by Schreiber et al., 1972 . MCA from Sigma Chemical Company (St. Louis, MO) was recrystallized from benzene and ground briefly in a mortar and pestle to provide crystals with a very wide size range from a few micrometers up to several hundred micrometers in length. Th? rats were anesthetized either with Halothane (at the THRU) or with methoxyflurane (ht UCI) and the MCA suspension in 0.1 ml introduced into the lungs via the trachea at the lev.' of the bifurcation, using a Teflon cannula attached to a 0.5 ml glass syringe. In the tumorigenesis studies, rats were inoculated 5 times at biweekly intervals.
Lungs were prepared for examination by inflation fixation via the trachea with buffered 10% formalin, and paraffin sections of the whole lung prepared and stained with hematoxylin and eosin by conventional methods.
In the experiments now in progress, in which rats were treated with both MCA and asbestos, the two materials were given alternately at weekly intervals. In all experiments, control rats were given the gel-saline vehicle at corresponding times.
The asbestos used for inoculation was prepared from a UICC standard sample of chrysotile. Approximately 3 g of the asbestos was shaken repeatedly with glass beads in I liter of distilled water and allowed to stand at room temperature for one hour. The larger fibers settled rapidly, leaving the small fibers in suspension. Examination of the latter by light microscopy showed that more than 90% werp less than 20 Pnm in length. The fine fibers were collected by filtration and resuspended in gel-saline for inoculation into the rats. These fine fibers were considered to represent the type which would be inhaled into the deep lung if airborne.
Measurement of Carcinogen Metabolism in Rat Tissues
Methods for measurement of the conversion of 3 H-benzo(a)pyrene (3H-BaP) and 3 H-MCA to hydroxylated metabolites by microsomal preparations from various tissues have beci published (Ranussen and Wang, 1974; Rasmussen, 1982) . Briefly, the freshly removed tissues are homogenized in ice cold 1.15% KCl and the microsomal fraction separated by centrifugation. The microsomes are suspended in buffer and incuiated in vitro with the labeled carcinogen. Hydroxylated metabolites are extracted from the incubation mixtures with ethyl acetate and isolated by thir.-layer chromatography (TLC). The metabolites are quantified by radioactivity measurements using a TLC plate scanner and scintillation counting. Metabolites are identified using authentic derivatives obtained from the National Cancer Institute.
I.
Distribution of MCA Following Intratracheal Inoculation MCA crystals labeled with 1 •C were prepared by mixing 14C-MCA (Amersham/Searle) with unlabeled MCA to give a specific radioactivity of I ljCi/mg. The mixture was dissolved in benzene, and recrystallized by evaporation of the solvent. The crystals were prepared for intratracheal inoculation as above for unlabeled MCA, and rats were inoculated with 0.1 ml of the gel saline suspension for a total dose of 1.0 mg. Sample rats were killed up to 6 weeks post inoculation. The lungs were fixed by inflation with 10% buffered formalin and frozen sections cut for autoradiography. The dried sections were coated with Kodak NTB-2 emulsion and developed after 7 days with Kodak D-19. Additional lung samples were air dried and radioactivity determined by scintillation counting.
Prepn aton of LWng Cel Calturs for Cbromoiomal Anaysb
The methods used for culturing lung cells were described In detail in the annual report for 1982 (Rasmussen, 1982) . In brief, the lungs were inflated with a mixture of thermolysin and collagenase in order to enzymatically disrupt the lung (Frazier et al., 1975) . The freed cells were collected by centrifugation and cultured in plastic flasks with Waymouth's 752/1 medium supplemented with 10% fetal bovine serum. Sister chromatid exchanges (SCEs) were visualized using essentially the method of Perry and Woiff (1974) . At 24 hours after establishing the cultures 5-bromodeoxyuridine was added to a concentration of 10-5 M and incubation continued for an additional 48 hours. Metaphase cells were accumulated by adding colcemid for a period of 3 hours, at which time the cells were collected, fixed, spread on microscope slides and stained with Hoechst 33258 dye and Giemsa blood stain (Latt et al., 1982) .
bolation of Lng Cells for Carcinogen Metabolism Studies
Following perfusion with heparinized n<mal saline via the pulmonary artery, alveolar maerophages were removed and isolated by pulm(.ary lavage 5 times with 12 ml of HEPESbuffered balanced saline solution (HpBS). An enzyme solution of 0.1% Protease type I (Sigma Chemical Company) in Hank's balanced salt (HBS) containing thermolysin (Calbiochem, 1500 units/ml), 0.002 M CaC1 , and 1.0% bovine serum albumin (BSA) was instilled into the lung via the trachea and the ?tachea was then tied off. The lungs were removed from the thorax and incubated in a beaker of HBS at room temperature for 30 min. The lungs were ther. transferred to a petri dish and minced with scissors. The pieces and mincing solution were transferred to a trypsinizing flask. Additional enzyme solution containing DNAase I (Sigma) and colloidal barium sulfate were added to the flask to a final volume of 100 ml (final concentration of 0.01% DNAase I and 0.01% barium sulfate). Incubation was continued for 30 more minutes. At the end of this period, the enzyme solution containing freed lung cells was removed and the remaining lung tissue was subjected to a second round of enzymatic dispersion (protease and thermolysin for the first 30 mrin and DNAase I and barium sulfate added for the second 30 min). Cells from the two cycles of dispersion were pooled, washed free of enzyme solution, and resuspended in 10 ml of Waymouth's MB752/1 medium.
Individual cell types were isolated by isopyknic discontinuous density gradient centrifugation (Kikkawa and Yoneda, 1974) . Pooled lung cells were layered over a discontinuous density gradient of Ficoll in Waymouth's medium which had the following densities: 1.040 (7 ml), 1.080 (7 ml), 1.100 (14 ml). Centrifugation was performed at 40C at 350 x g for 20 min.
The cells recovered from the zone above density 1.040 contained approximately 80% type H cells. The cells from the zone above density 1.080 were subjected to a two polymer aqueous pha.w system composed of 5.0% dextran T 500 and 3.8% polyethylene glycol 6000 in 0.15 M sodium phosphate buffer to further purify the Clara cells (Devereux and Fouts, 1980) . A final purity of only 20% Clara cells was achieved from this dense cell layer. Alveolar type H cells were identified using light microscopy by a modified Papanicolou stain (Kikkawa and Yoneda, 1974) . Clara cells were identified using a light microscope by a rdtroblue tetrazolium method (Devereux and Fouts, 1980) . Cell viability was measured by trypan and blue dye exclusion. A viability rate of about 85% was found. The total cells recovered were 4 x 10 6 type H1 cells, 2 x 1016 dense lung cells, and 1 x 106 alveolar macrophages.
The ability of isolated lung cells to metabolize 3 H-BaP was measured by the method described by Rasmussen and Wang (1974) . The isolated cells were incubated in 2.0 ml of
Waymouth's medium containing 10% fetal bovine serum, 10 1 ,g/ml gentamicin sulfate, 1.2 mM NADPH, 10 p Ci/ml of 3 H-BaP (specific activity, 17.4 Ci/mmole) at 372C for 24 hr. The incubation was stopped by the addition of 4 ml of ethyl acetate. The cells and growth medium were extracted twice with ethyl acetate and the ethyl acetate soluble 3 H-BaP and its metabolites were seoarated by thin-layer chromatography and quantified by rn 'asuring the radioactivity in a scintillation spectrometer.
Measurement of DNA Synthesis in Lung Tissue
The methods for this assay have been reported in detail previously (Rasmussen, 1931 ).
Briefly, lungs were inflated in situ with warm melted aga,' dissolved in a balanced salt solution, removed from the rat, and chilled in ice cold salt solution, and slices of approximately 1 rmm thickness cut and incubated with 3 H-thymidine (S H-dThd, 5 pj Ci/ml, 50-60 Ci/mmole) for 1 hour. The specific radioactivity of the DNA was measured by a chemical extraction method and scintillation counting (Scott et al., 1956 ). This assay was used as an indicator of cell proliferation in lung following MCA treatment.
Treatment of Mice with Naphthalene and its Derivatives
Mice of the Swiss Webster strain (Charies River Laboratory) were treated by ip injection of peanut oil solutions of naphthalene and the nitro derivetives.
Preparation of tissue microsomes, and tissue sections were done as in the case of the rats described above.
EXPEPUMENTAL RESULTS.
Indution of Lung Tumors in Rats with MCA
A dose-response experiment for the induction of lung tumors in rats by intratracheal MCA was completed in October 1982. The results (Table 1 and Figure 1) showed a marked dose dependenee. All rats given 5 biw-3ekly inoculations with 5 mg MCA developed malignant tumors which were identif:ed as squamous cell carcinomas (SCC). At a dose of 5x 1.0 mg MCA, 12/25 rats were found 8t sacrifice to have malignant SCC and several of the remainder were found with adenomatous hyperplastic lesions, which may be considered to be promalignant. At lower doses of 5x 0.5 mg and 5x 0.25 mg MCA, 4/25 and 2/25 rats, respectively, were found with malignant tumors. No tumors were found in rats treated with 5x 0.1 mg MCA or the 0.2% gelatin: 9.9% NaCI vehicle. The pathology of these tumors was established by Dr. R.L. Bruner at the THRU, and confirmed by Dr. M. Reesal at UCI. After a single Intratracheal inoculation with 1.0 mg MCA the enzyme activity in lung microsomes toward 3 H-BaP remained above controls for ct least 6 weeks. With liver microsomes, however, the activity had returned to control levels by 3 weeks posttreatment (Rasmussen, 1982) . To test the effect of repeated inoculation with MCA, g:oups of rats were inoculated with either 0.1 rag, 1.0 mg MCA or 0.1 ml of the vehicle at biweekly intervals. At 48 hr after the first treatment and at selected intervals later, sample rats were killed and the metabolism of 3 H-BaP by lung and liver microsomes measured. The treatment and sacrifice schedule is shown in Table 2 , and the results shown in Table 3 and in Figures 2 and 3 . The enzymatic activity of the lung microsomes was Increased to about the same extent at both doses of MCA, and remained at approximately the same level throughout the course of the treatment. After the final treatment, the activity declined with time until at 8 weeks the enzyme activity was not different from that of the vehicle controls. This pattern was essentially the same as that seen after a single treatment with MCA, i.e., repeated treatment did not result in an extension of the time when enhanced enzyme activity was present. With liver microsomes the pattern was also similar to that seen after a single inoculation with MCA. During the treatment enzyme activity was elevated, with that seen with microsomes from the higher dose groups always greater than controls. The activity with microsomes from the lower dose groups was greater than controls only in that group sampled at 48 hr after the first treatment. At 3 weeks after the last treatment liver microsome activity was similar in all groups.
The above results may be directly related to the persistence of MCA in the lungs of the treated rats. Experiments were done to measure MCA clearance in which rats were inoculated with 'C-MCA crystals prepared In the same way as for the enzyme and tumorigenesis studies. Groups of rats were inoculated with the 1 C-MCA and sample rats killed at intervals. Labeled MCA associated with the lung was measured by scintillation counting of tissue digests, and by autoradiography of frozen sections of formdin-fixed lungs. Radioactivity measurements (Table 4 ) indicated that by 6 weeks following a single inoculation " with 1.0 mg C-MCA, nearly all of the MCA had been cleared from the lung. *•.
• Autoradiographs were analyzed by counting cent ,rs of radioactivity as indicated by clusters of "silver grains in full cross-sections of the rat lungs. These centers of radioactivity were the result of local deposition of large MCA crystals. The data (Table 5) indicated that '#C-MCA was cleared with time, but the experiment did not shed any light on the mechanism of clearance. Table 5 Clearance of 1 C-MCA from Rat Lung
Autoradiographs of lung sections were scanned and the total number of clusters of silver grains for each lung were counted. Two or three sections were counted from each rat, and two rats were killed at each sample time. 
Metabolism of 3H-BaP by Lung Cells
A preliminary study was &-me to determine wnether a difference might exist between different types of lung cells with respect to their ability to metabolize PAH and whether the metabolizing enzymes are inducible. Groups of rats were treated with either an inducer of PAH metabolism, beta-naphthoflavone (BNF) or the corn oil vehicle. After 48 hr, the lungs were removed, enzymatioally dispersed, and the cells fractionated using isopyknic gradient centrifugation (as described under Methods). Alveolar macrophages were obtained by lavage prior to the enzyme treatment. A cell fraction containing approximately 80% type II alveolar cells and a fraction containing more dense cells (approx. 20% Clara cells) were incubated for 24 hr with 3H-BaP in nutrient medium. Metabolites were isolated by thin layer chromatography and quantified by scintillation counting. The results (Table 6 ) indicated an increase in 'H-BaP metabolism in the type 1I cells and dense cells from the BNF treated rats. The alveolar macrophages from the BNF treated rats showed less activity than the controls. These experiments indicate that cell separation and measurement of enzymatic activities is possible, and that further fractionation of cell groups with the centrifugal elutriator should yield important information regarding the metabolism of PAH by the various cell types.
Metabolism of 3H-MCA by Microsomes from MCA-Treated Rats
Rats were inoculated intratracheally with 1.0 mg MCA and sample groups killed at 48 hr, 1 week, 3 weeks and 6 weeks posttreatment. Microsomes were prepared froT lung and liver and incubated with 3H-MCA in the same manner as previously described for H-BaP. The total metabolite yields are summarized in Table 7 . Enzyme activity in the lung microsomes was above control levels for at least 6 weeks, but had returned to control levels in the liver by 3 weeks posttreatment. Although several metabolites were detected on thin layer "" Blank/6 wk 2.12 ± 0.11 2.33 ± 0.23 chromatography, they were not identifiable because of the lack of authentic standards. Figure 4 shows radioscanner tracings of the TLC plates which indicate the formation of at "13 b.
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.14 least, 6 metabolites of MCA. Quantitatively, the total metabolism of 3 H-MCA was similar to that found when 3 H-BaP was the substrate.
SCE Incidence in Lung Cells and Lymphocytes from MCA-Treated RatR
Two questions were addressed in these experiments. The first was whether MCA treatment induced DNA damage n lung cells which could be detected as an increased incidence of SCEs when the cells were cultured in vitro. The second question was whether intratracheal inoculation with MCA caused an increase in SCEs in cL-culating lymphocytes. Table 8 shows data on SCE incidence in rat lung cell cultures prepared up to 8 weeks following a single inoculation with either 0.1 mg or 1.0 mg MCA. At the higher dose SCE frequency declined with time, but was higher than controls through the 8th week posttreatment. Lurg cells from rats given the lower dose showed an SCE frequency which was statistically significantly higher than the controls at the 4th and 8th weeks, but the differences were small. Table 8 Incidence CSignificantly greater than control (p < 0.01, t = 2.448). *" dSignificantly greater than control (p < 0.005, t = 7.984).
To test for possible induction of SCEs by MCA in peripheral lymphocytes, rats were inoculated intratrach',ally with 2.5 mg MCA. Two days later lymphocytes were isolated from peripheral blood and cultured for SCE analysis. The results from 2 such experiments are shown in Table 9 . Although slightly higher SCE frequency was seen in one experiment in the lymphocytes from the MCA treated rats, the difference was small, and may not be indicative of an actual effect of MCA.
A further study was done using lymphocyte cultures prepared from peripheral blood and .1 spleens of rats areated 5 times with MCA and/or asbestos, using a treatment schedule expected to produce lung tumors. Twenty-four hours after the last intratracheal treatment, 3 rats from each group were sacrificed and cultures prepared from spleen and blood lymphocytes for SCF analysis as described previously. The results are summarized in Table 10 . Although statistical differences were seen in some cases, they were marginal and based on previous "%:
experience should be accepted with caution. The data suggest that repeated MCA or ASB treatments which can be expected to produce lung tumors do not result in marked elevation of SCEs in pe~lpheral blood or spleen lymphocytes. bDifferent from Gel Saline at p < 0.001 (2 tailed "t" test).
cDifferent from Gel Saline at p < 0.01 (2 tailed "t" test).
Experiments in which MCA was added to cultures of lung cells from untreated rats -indicated that such cells were susceptible to the clastogenic effects of MCA, and that as little as 1 U g MCA per ml of culture medium was sufficient to increase the SCE frequency very significantly. Therefore, even a small amount of MCA remaining in the lung and/or carried over during the preparation of the lung cell cultures would be expected to increase the SCE frequency (Rasmussen, 1982) .
Considerin? these results together with those on MCA clearance from the lung (Tables 4  anL 5 ) the most likely conclusion is that the production of SCEs in lung cells is dependent on the continued presence of MCA in the lung. The possibility that repeated inoculation with MCA might produce a more persistent increase in SCE frequency in lung cells was examined in cell cultures prepared from rats treated five times with either 0.1 mg or 1.0 mg MCA. The results (Table 11) indicated that even repeated treatment did not lead to significant elevation of SCE frequency that persisted long past treatmert. Table 11 SCE Incidence in Lung Cells after 5 Biweekly Treatments with MCA Cultures were prepared 3 weeks following the last inoculatirin with MCA. Values are as in Table 8 . Previous studies of rat lungs after a single intratracheal inoculation with MCA did not show an increased level of everall DNA replication or any evidence for DNA repair activity. However, the methods employed for DNA repair measurement may not have been sensitive enough since it has been shown in cell culture systems that PAH such as MCA can induce DNA repair activity. During the current year, studies have been done in an attempt to identify foci of cellular proliferation which may be related to further tumor formation.
An experiment was initiated in December 1982 to determine whether the rats would tolerate weekly intratracheal inoculations and also to determine the effects of combined treatment with MCA and asbestos. Four groups of rats (Fischer 344 males, approximately 100 g bw at the beginning of the experiment) were inoculated weekly with either 0.1 ml gelsaline, alternately with 1.0 mg MCA or gelhsaline, alternately with 1.0 mg MCA or 0.1 mg chrysotile asbestos, or alternately with 0 1 mg asbestos ?r gel:saline. After 10 inoculations, rats from each group were injected with H-thymidine ( H-dThd, 200 11 Ci/rat), killed 1 hour later, and the lungs fixed by inflation with buffered formalin. The lungs were sampled according to the recommendations of Dungworth et al. (1976) and paraffin sections prepared for examination and autoradiography.
Sections from 2 rats inoculated with gel:saline only showed no significant lesions, i.e., no hyperplasia, necrosis, pneumonia, tumor, etc. (The sections were examined in consultation with Dr. Michael Reesal). Lungs from 4 rats treated with MCA only showed some changes, ' mostly focal areas of alveolar cell hyperplasia, and bronchiolar epithelial cell hyperplasia. The * lobes most affected were the right caudal lobe and the accessory lobe. A small tumor, appearing to be of bronchiolar epithelial cell origin, was seen in the left lobe of one rat.
Lungs from 4 rats treated with asbestos only showed no tumors, but did show small nodules, possibly early fibrosarcomas. All lobes of all animals showed some changes with focal alveolar cell hyperplasia being most frequent. *Lungs from 5 rats treated alternately with MCA and asbestos showed all of the above changes to a more marked degree, and, in addition, 2 of the rats had SCC. One animal had 3 separate SCCs, each in a different lobe. Four of the 5 had changes which might be considered pre-cancerous, i.e., pronounced bronchiolar epithelial cell hyperplasia and invasion of the alveoli by epithelial cells of the terminal bronchioles. One rat of this group Ghowed a small area of pneumonia in the accessory lobe (PMNs and macrophage in the alveoli, but no bacteria visible).
Autoradiographs were prepared from sections adjacent to those examined as described above. In the normal adult rat lung, the labeling index, which indicates the fraction of cells undergoing replication, is about 0.001, and labeled cells are widely scattered throughout the lung. In the treated animals, concentrbtions of labeled cells were found in the areas of alveolar and bronchiolar epithelial hyperplasia described above. The fibrotic nodules aiso showed the presence of labeled cells. Where tumors were presenit, cellular labeling was very frequent with the labeled cells concentrated around the periphery of the tumor.
These studies suggest that early changes, possibly related to tumor formation, can '%e found shortly after exposure to carcinogens. Also, the apparent enhancement of tumor formation in the rats receiving both MCA end asbestos, suggests a cocarcinogenic action of the two agents. The experiments now underway at the THRU will provide further information on the latter possibility.
Cytotoxie Effects of Nitranaphthalene in the Mose
Naphthalene has been shown to cause necrosis of the nonciliated bronchiolar cells (Clara cells) in the mouse when the compound is given at relatively high doses (Mahvi et al., 1977) . More recently, this loss of Clara cells has been associated with reduced enzyme activity in the lung, in particular the mixed function oxidases that are responsible for metabolism of aromatic hydrocarbons and other drugs (Tong et al., 1981) . Under separate support, these effects of naphthalene have been confirmed and extended In this laboratory.
As part of an undergraduate research project during the past year, comparative studies were initiated involving the nitroderivatives of naphthalene, namely 1-nitronaphtalene and 2-nitronaphthalene. A major finding was that the presence of the nitro group, as well as its position, significantly alters the toxicity in tha mouse.
The comparative cytotoxic effects of N, 1-nitronaphthalene, and 2-nitronaphthalene were determined by dosing mice with the compounds dissolved in peanut oil, and sacrificing sample animals at intervals posttreatment. Table 12 summarizes the cytotoxic effects found. 1-nitronaphthalene was the most toxic, with no mice surviving at a dose of 2 mmoles/kg, and naphthalene was next most toxic, followed by 2-nitronaphthalene. However, 2-nitronaphthalene at 2 mmoles/kg did produce periportal necrosis in the liver, which was not seen with the other compounds.
Enzymatic activity of lung and liver mierosomes toward 3H-BaP was measured as described In the Methods section. The results of 2 experiments are shown in Table 13 . In -agreement with previous results, the activity of the lung microsomes from naphthalenetreated mice was lower than that of the controls. However, the activity of microsomes from mice treated with 1-nitronaphthalene was slightly lower in one experiment, and slightly higher in the other, even though there was toxicity to the Clara cells in the lung, as confirmed by examination of tissue samples. Of most interest was the effect with 2-nitronaphthalene. The activity of the lung enzymes was increased about 2-fold over the control level in both experiments, sugg-esting that this compound had an enzyme-inducing effect. By contrast, none of the compounds had any significant effect on the activity of liver enzymes.
While there are many xenobiotics and drugs that induce mixed function oxidases in both liver and lung, and several that are active only in the liver (e.g., phenobarbital), L,.mpounds that are specific inducers in the lung are rare. A brief survey of standard texts in toxicology and consultation with colleagues at UCI revealed no examples of compounds that are specific inducers for lung mixed function oxidases. This unusual specificity of 2-nitronaphthalene toward the lung gains further importance from the fact that the nitronaphthalenes occur as air pollutants as the result of fossil fuel combustion, especially in diesel engines. Modification of lung enzymes by these materials may have important implications for human health.
